Numerous studies and surveys have examined the utilization of Information and Communication Technologies (ICTs) in Higher Education (HE), but the lack of studies on the utilization of ICTs in Quality Assurance and Accreditation (QAA) of HE led us to perform a Systematic Literature Review (SLR). This review mainly benefits QAA agencies and researchers interested in utilizing ICTs for QAA of HE. Several contributions of ICTs to QAA of HE are identified. 1) Compared to QAA agencies, Higher Education Institutions (HEIs) are more likely to implement ICTs. 2) Most ICTs in HEIs are for Quality Assurance (QA). 3) Most previous studies were conducted in Europe, demonstrating that efforts have been made to align QAA agencies and HEI QAA units with European Standards. Consequently, ICTs are more often utilized by European HEIs. Furthermore, we investigated the QAA status in a developing country (Afghanistan) as a case study.
Introduction
Higher Education (HE) plays a significant role in producing professionals and experts in diverse fields. On the one hand, it is a globally accepted that highly educated individuals are more likely to be highly active in the educational system itself or the labour market [1] . On the other hand, evolution is a natural part of human society. Thus, the benefits of a static educational system have not been as widely accepted by fast-developing markets and societies. Consequently, governments, independent educational organizations, and universities have established practical steps toward assessment of their educational services by focusing on quality. Although the definition and attributes of quality differ based on circumstances and perspectives, this aspect is beyond the scope of this study.
This study uses the definition of some key terms according to United Nations Educational Scientific and Cultural Organization (UNESCO) [2] , and we used the definition of SLR according to Kitchenham [3] . Some key terms and their definitions include:
 Quality Assurance (QA) is an "all-embracing term referring to an ongoing and continuous evaluation process (assessing, monitoring, guaranteeing, maintaining, and improving) of the quality of the higher education system, institutions, or programs." [2] (p. 74).  Accreditation is "the process by which a (non-)governmental or private body evaluates the quality of a higher education institution as a whole or a specific educational program to formally recognize it as having met predetermined minimal criteria or standards." [2] (p. 24).
 Assessment is "the process of systematically gathering, quantifying, and using the information to determine the instructional effectiveness and the curricular adequacy of a higher education institution (HEI) as a whole (institutional assessment) or its educational programs (program assessment)" [2] (p. 29).
We used the term Information and Communication Technology (ICT) in our Systematic Literature Review (SLR), but the original definition does not completely satisfy the goal of this study [4] . Herein we limit our definition according to the aim and scope of the study. ICTs include Information Systems (IS), Databases, Portals, and Knowledge Management Systems (KMS). Data is categorized by region based on the continent due to following reasons. 1) Countries are influenced by their neighbours, continent, regional communities, organizations, protocols, and treaties. These groups exist regardless of politics, economy, and education.
2) The analyzed data also supports the above argument that the geographical location affects research on education. This study finds that a higher utilization of ICTs for Quality Assurance and Accreditation (QAA) has a positive impact, aiding universities and QAA organizations in improving both the ease of providing educational services and the quality of education. Thus, utilization of ICTs allows universities and QAA organizations to better meet the needs of society. Additionally, ICTs enable agencies to fulfil their missions while simultaneously maximizing their resources (time, money, effort…).
Furthermore, we conducted a preliminary case study on a developing country, Afghanistan. The case study suggests conceptual solutions to current state of QAA in Afghanistan, but the solutions have yet to be implemented. Figure 1 overviews of QAA agencies operational processes and their interactions with key stakeholders.
Background
The emergence of the digital era and ICTs has significantly impacted society and influenced HE. Consequently, QAA agencies around the world have utilized ICTs for QAA purposes. Additionally, governments, universities, QA agencies, researchers, ICT companies, and other regional and international organizations have introduced various ICTs.
In the past few decades, ICTs have been utilized in HE for QA on an enormous scale. Oliver [5] highlighted the impact of ICTs on contemporary HE and explored potential future developments. His paper discussed the role of ICTs in transforming teaching and learning, and explored how ICTs impact future programs offered by universities and colleges. Nadira Banu Kamal et al. [6] mainly discussed the role of ICTs in online teaching and learning tools. Their study compiled the role of ICTs in QAA of HE in general. However, neither of these works focused on the utilization of ICTs in QAA agencies or the QAA unit of HEIs.
Methodology
The goal of this SLR is to determine how ICTs are utilized for QA and accreditation purposes in the HE sector. We began our SLR by specifying the scope and searching only for documents in the domain of HE that discuss issues related to QAA supported by ICTs. Topics focusing on online, distance learning, and learning tools and systems are excluded. The lack of information regarding QAA agencies utilizing ICTs in previous research is a limitation of this SLR. Herein we try to follow the approaches of similar surveys such as [3] , [7] , [8] , [9] and [10] . The data is organized based on geography (continents) and key attributes of QAA. This is the body text with no indent. This is the body text with no indent. This is the body text with no indent.
SLR Query
Because an SLR query requires keywords to be identified, we tried to follow the ACM Computing Classification System [11] . However, this was unsuccessful. Most published papers do not support this system or any other rules for determining keywords. It is note-worthy that we wrote several queries combining different keywords, which aligned most closely with the scope and goal of our SLR. We compared the results of these queries prior to determining the final query for this study. In June 2016, we executed an SLR query on titles, abstracts, and keywords of all research papers indexed by Scopus regardless of the publication date and subject area. The initial result was stored as an online list in the first author's Scopus account. Our query string was configured as: (("higher education" OR "university") AND ("quality assurance" OR "qaa") AND ("information system" OR (("higher education" OR "university") AND ("quality assurance" OR "qaa") AND ("information system" OR "information technology" OR "database" OR "ict" OR "knowledge management" OR "portal" OR "MIS")) We found 695 documents. Next, we applied inclusion and exclusion criteria upon reviewing the titles and abstracts. This reduced the number of documents for a full review to 35. We also performed snowballing and identified 16 new relevant documents, some of which were not indexed by Scopus. However, we simply searched Google.com by the paper's title and acquired them from other databases. We verified that the intended paper was returned using the author name(s), publication date, and publisher. In all, 51 documents were considered. After the initial quality assessment and crosschecking with the inclusion and exclusion criteria, 21 documents [12] - [32] were selected for a full review. Figure 2 depicts the paper selection process. 
Inclusion and Exclusion Criteria

Research Questions
The goal is to determine the contribution of ICTs Table 1 illustrates and defines the data extraction form and its aspects. The following parameters are used: 
Data Extraction Form
Extracted Models
We extracted models such as conceptual models, object diagrams, and use case diagrams from the 21 selected papers (Figs. 3 and 4) .
Conceptual Model
Figure 3 is a conceptual model, which depicts the basic concepts involved in the QAA process and the relationship among key stakeholders. Boxes in the yellow background are classes, while red boxes are notes to clarify terms and concepts. The background colour denotes the boundaries between different levels of concepts and stakeholders. For example, purple represents HEIs, grey indicates QAA, while green and blue denote sublevels of HEIs. The purpose of this meta-model is to illustrate the attribute functionality and the relationship among HEIs and QAA agencies. Hence, it is not detailed, and some classes might be missing. 
Object Diagram
To verify our conceptual model, Fig. 4 illustrates the object diagram. The data used to trace the object model is not completely real, but the diagram aids in understanding the conceptual model. 
Analysis Results
Our analysis was designed to answer the aforementioned research questions. To extract the data and perform the analysis, we used tools such as Atlas.ti for coding and extracting the intended data from the selected studies. We also used Microsoft Excel and the R software environment to perform basic statistical operations and chart drawings. The findings are summarized below: decline. Figure 5 and Table 2 Only four studies (20%) focused on both HEI and HEP. Table 6 illustrates the grouping of the approaches based on common topics. 
No ICTs for External QAA
ICTs utilization target Total
Higher Education Program 8
Higher Education Institutions 9
Both 4
Grand Total 21 Table 6 . Utilized ICTs per topic
Topic Papers
Developed Information Systems for QAA [15] , [18] , [19] , [21] , [23] , [27] , [28] , [30] , [31] Developed KMS for QAA [22] , [26] , [32] Developed portals for QAA [13] Conceptual Models, Designs and Frameworks proposed for QAA [12] , [14] , [16] , [17] , [20] , [24] , [25] , [29] 
Utilized ICTs and quality attributes
According to the descriptions of the utilized ICTs, we extracted the quality attributes addressed compared to those mentioned in ISO/IEC 25010 System/Software Product Quality (Table 7) . Studies proposing conceptual solutions are models and frameworks for either ICT or HE services and systems. Definition of letters used in the [32] S N S S Although some studies were based on ISO standards, which one (e.g., ISO/IEC 25010) was not specified. In [12] , they adapted several ISO standards, including ISO 38500, 2700, 22301, 31000, 12207, and 25000, to design models focusing on ICT governance and management based on academic models. Meanwhile, [20] , [14] were based on ISO/IEC 20000 and ISO 9001:2015, respectively. Figure 6 illustrates the frequency of the addressed quality attributes according to ISO/IEC 25010. There is a significant gap between the frequencies of those quality attributes. "Functional Suitability" and "Usability" they have the highest frequency. The most common cause is that studies that developed tools described their tools' usability and functionality. However, the attributes of "Compatibility" and "Portability" are not address at all, which is not surprising because these attributes are more technical and specific to software engineering and the main focus of this SLR is QA and HE. 
Threats to Validity
The analysis was conducted by a single person. It is possible that some information was omitted. Moreover, the analysis is limited by the analytical skills of that single person.
Limitations
Some limitations include missing classes and diagrams. The quality attributes extracted from the selected papers comply with the ISO/IEC 25010 Software/System quality attributes partially or at a lower level. Some papers mention quality attributes that are not listed in the ISO/IEC 25010, and all columns in Table 7 are blank (i.e., [25] in Table. 7). The lack of addressing ISO/IEC 25010 Software/System quality attributes even implicitly or indirectly is because this SLR mainly focused on QA and HE, not software engineering.
Case Study of a developing country (Afghanistan)
We decided to develop recommendations for Afghanistan, which is a developing country. Because the author of this thesis is from Afghanistan, he was able to collect data about Afghanistan's Quality Enhancement and Accreditation Directorate (QEAD) of the Ministry of Higher Education (MoHE) by conducting interviews with Afghanistan QAA staff, distributing questionnaires, and collecting raw data such as QEAD guidelines and other materials. Prior to making recommendations, the current QAA status must be understood.
Understanding QAA current status in Afghanistan
The MoHE established QAA in 2011. QEAD of MoHE performs accreditation according to 12 standards that they developed. Currently, QEAD is the only QAA agency in Afghanistan that operates based on the model illustrated in Fig. 7 .
Systematic Review of Utilized ICTs in Quality Assurance and Accreditation of Higher Education and a Case Study of Developing Country
EAI Endorsed Transactions on e-Learning Online First Figure 7 . Afghanistan QAA process model
Since QAA processes are new in Afghanistan, two levels of Accreditation are planned to familiarize Universities with the process and to maintain the quality balance of Accreditation. Figure 8 illustrates the Accreditation process and the activities of the stakeholders.
Challenges and Limitations in Utilizing ICTs
This section addresses barriers for QEAD to use advanced and comprehensive ICTs for their internal operations. There are several challenges that QAED is currently facing: 1. Poor Skills of QEAD staff in using software 2. Poor Skills in performing intermediate or advanced analysis 3. No access to tools for better analysis 4. Lack of training for capacity building of QEAD staff Table 8 illustrates the utilized ICTs in QAED based on a questionnaire completed by the QEAD staff. 
Utilized ICTs in QEAD of MoHE Afghanistan
Discussion
It is still unclear how QA organizations utilize ICTs for internal operations or how their internal departments and inter-department operations utilize ICTs.
RQ1: Which continents utilize ICTs for HEIs or QAA agencies?
Referring to RQ1, one of the main causes behind the wide utilization of ICTs for QAA is the commitment of European countries to common guidelines.
RQ2: Which QAA standards support ICTs utilization?
Developed and developing countries who are members of regional or global communities utilize more effective QAA standards. Developing countries rely mostly on locally developed standards. We believe that developing countries will undergo the same transitional phases as developed countries. However, developing countries have a big advantage because they can learn from past experiences and have additional support from developed countries. It should be mentioned that the achievements of developed countries at the country and continent level are due to regional and global communities and organizations (e.g., the European Union) facilitating opportunities. We identified COBIT and ESG standards to utilize the latest ICTs. The key difference in these standards is that ESG gives customer autonomy of ICT utilization for QAA, whereas COBIT has developed complex tools (COBIT 5) to meet standards. COBIT 5 is described in [33] . We speculate that QAA agencies avoid utilizing ICTs due to political reasons, corruption, or monetary constraints. [36] model may be one of the best option, but it has yet to be practiced by QAA agencies.
Usage
QAA agencies
Firstly, QAA agencies can use this SLR as a report on the utilization of ICTs in QAA agencies at the continent and global levels. QAA agencies can reassess their goals, policies, and strategies to enhance operation efficiency. They can improve the accuracy and reliability of their decisions at both the strategic and operation levels. Such improvements will conserve resources such as time, money, and human power. Secondly, this SLR indirectly encourages QAA agencies to consider adding new or enhancing existing services according to the more recent ICTs to improve HEIs and HEPs. Such services will result in an improved educational system and better students being delivered to society.
Researchers
This study also acts as a literature review for researchers interested in this topic. It provides a clear picture of the contribution of ICTs in QAA. This should allow researchers to incorporate state of the art technologies for QAA.
Afghanistan QAA agency
Beside the generally proposed usage for QAA agencies, the Afghanistan QAA agency could refer to papers [12] - [32] to improve the current accreditation process models as well as to adopt more efficient strategies, models, and frameworks supported by ICTs. Since the scope of the results of this study are limited, papers [12] - [32] contain additional useful information.
Conclusion and Future Work
ICTs are utilized for QA at both QAA agencies and QAA unit of HEIs with the goal of improving assessments of HEIs and HEPs. ICTs are important to collect and process various input data related to students, teachers, HEIs, and HEPs. ICT utilization is more common as an internal assessment performed by the QAA unit of HEIs than external assessments conducted by QAA agencies. Because the QAA units of HEIs are responsible for data collection, they have easy and direct access to stakeholders (HEIs, Students, and Teachers). QAA Standards and HEIs by geographical location are identified as key drivers of efficient ICT utilization in the QAA unit of HEIs. QAA agencies and HEIs in developed countries are utilizing up to date technologies compared to developing countries. Developing countries could learn and benefit from existing models, frameworks, and standards that have been proven effective. In the future, we plan to elucidate other dimensions of ICT utilization in QAA agencies. We are preparing to survey well-known and globally recognized QAA agencies. And we will be extending our case study by developing a software for QAED of Afghanistan based on current research results and measure the differences which it makes along with its causes.
